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Abstract 

Metabolites of the lobtcte-ipeciTK rritrosamine, 4rimrtiiyliufrvsaniu>o>- 
l-(3-pyridylM>buUiwne. a potent puhnoaary carcinogen, have been 
quantified in the urine of IX smokers.They were ant detected la wfln a tno l r- 
mn’ trine. The metabolites, +><niclUjlBjtrosamino)-i-0-t>yridjh-J-b»- 
Unol and Ks glucuruokJa, not detected in quantities of 0-23-1 _0 and 
0-57-A5 fig/24 h, respectively. The itaib of this study provide the lint 
cvideece for metabolites of tobacco-specific nKrocam'tnes In human urine. 

Introduction 

U hac been estimated that up to 90% of lung cancer deaths in the 
United States are attributable to cigarette smoking (1). The tobacco- 
specific niuosamine NNK 2 (Hg. 1) is believed to play an important 
role in the induction or lung cancer in smokers because it is a potent 
pulmonary carcinogen in tats. mice, and hamsters inducing tumors ad 
total doses similar to the estimated doses to which smokers arc ex¬ 
posed (2, 3). NNK may also be involved in oral and pancreatic cancer 
associated with the use of tobacco products (3. 4). Although the 
metabolism of NNK has been extensively studied iu laboratory ani¬ 
mals. relatively little is known about its uptake and metabolism in 
humans. Wc believe (hat such information is critical to an understand¬ 
ing of mechanisms of cancer induction in humans. 

In rodents and monkeys, identified pathways of NNK metabolism 
include zz-hydroxylmion. pyridine-A'-oxidation. carbonyl reduction to 
—NNAL. amTconjugation of NNAL to the diasiercomeric glucuronides 
NNAL-GSucO) and NNAL-GUiC(11> (Fig. 11 (2.5.6). Previous studies 
using cultured human tissues or microsonves have shown that NNK is 
metabolized by a-hydroxylaliou and carbonyl reduction <7. 3). He¬ 
moglobin and DNA adducts resulting from a-hydroxylation of NNK. 
NNAL. or the related carcinogen NNN have been detected to the 
blood of smokers or snuff-dippers (9. 10). In this article, we present 
the furai evidence foe the presence in smokers" urine of NNK metab¬ 
olites: NNAL; NNAL-Gluc(l): and NNAL-Glucdl). Quantitation of 
NNK metabolites in human urine should greatly facilitate our under¬ 
standing of its role in tobacco-related cancers. 

Materials and Methods 

Chemicals. (S-^HINMaL wa* obtained by MaBHj reduction of [S-'HJNNK 
(Cbcrruyn Science Laboratories. Lenexa. KS). (S--'H1NKAL-Gluctlt) was iso¬ 
lated from the urine of a patas monkey treated with [S-’HJNNK (63 NNAL 
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iso-NNAL tutrosoguvacnline. and 4-(itiethykimjno}-4-(3'pyridyl>'l-buunol 
were synthesoed f 11-13). Bts-uimctliyUilyllnfiuoroocccuiude/i* in methyl- 
chlorosilane was obtained from Refjs Chemical Co. (Monota Grove 1L). 
0-GlucuronkJase. type IX A. sulfauseu type V1TI, and saccharic acid M-bctone 
were obtained from Sigma Chemical Co. (Sc Louis. MO). 3-Aeoylpyridioe 
and 3-pyridylcirbtnOl were obtained float Aldrich Chemical Co. (Milwaukee. 
WJ). The latter was converted to its acetate by treatment with acetic anhydride 
and iriethytamine in CtLCL. 

Apparatas. HPLC was performed using a Miniport- Waters Division sys¬ 
tem os previously described (9) and 1 3.9- X 300-mm Boodclone 10 CIS 
column (Fhenoarcnex-Torrance. CA) with UV detection at 2S< nm. Solvent A 
was HcO and solvent B was methanol. The solvent program was 15% B in A 
for 10 min. then to 45% B in A over 30 min. then back ro initial conditions in 
5 min. arid then held for 23 min prior 10 the next injection. 

GC-TtA was performed with a Model S89Q gas chromatograph (Hewlett- 
Packard. Paio Alin. CA) interfaced with a Model 619 Thermal Energy Analyaer 
iThermcdies IncO, Woburn. MA) and a Model D-2O00 integral* (Hitachi 
Instruments. Danbury CT) (Id). The gas chromatograph was equipped with a 
2-rrun K 12-11 glass column filled wish 3*- XE-60 no GasChrem Q. 100/200 
mesh (Alhrch/Applied Sciences. Deerfield. ID. The oven was temperature- 
peogrammed as follows: 150°C for 3 min; then 6 *C/itcn to 220*Cr and then 
held for 15 min. The injection port temperature was 230“C and the flow rale 
was 33 ml/tnin argon. 

GC-MS-S1M was carried out with a Hewlett-Packard Model 598SA instru¬ 
ment. operand in the positive chemical ionization mode with a methane 
pressure of 0.88 ton. an ionizing energy of 107 eV and a source temperature 
of20Q*C. For electron impact experiments, the ionizing energy was 70 eV and 
the source lemperature was 200X1 The analyses Were performed by splitless 
injection on a 0.25-mm X 30-m Ecooocap SE 54 column (film thickness. 9.25 
pm. AlltrcWApplied Sciences), with a OTZ-fnm X l-m retention gap. The 
carrier gas was He (head pressure. 12 psi) and the oven temperance was 
programmed as follows: 100“C for 1 min; then £ r C/rr.iu to I BOX; and (hen 
held for 30 rein. 

Volunteers. Eleven smokers and 7 nonsmokers ranging in age (torn 20 to 
65 years were recruited. The protocol for collection of urine was approved by 
the American Health Foundation [nstkufionaf Review Board for protection of 
human subjecls. 

AnaTysis of Urine by GC-TEA. Twenly-four-h urine samples were col¬ 
lected in 3 hief amber specimen containers (Baxter Scientific Products Divi¬ 
sion. McGaw Park. IL) us which IQ ml of a solution of 20% ammonium 
vulfamate (Sigma) in 3-b .V HjSOj had been added to inhibit artifactual nit- 
rosation. Samples were stored at room temperature during collection. Aliquots 
of 100 ml were adjusted to pH 7 with 10 5/ NaOH. To this was added 0J ml 
of an aqueoas solution of |S- j H]NNaL-G1bc<II) (2.1 Ci/nuncl; 2l.000<jpn>) is 
interval standard. The resulting solution was extracted 3 times with equal 
volumes of ethyl acetate. The aqueous portion (A-1 j was saved. A solution of 
15 -TIJNNaL (2.1 Ci/mmol; I OO.Ooo dpm) in SO pi of methanol was added ro 
the combined ethyl acetate extracts, as internal standard for unconjugated 
NNAL The ethyl acetate layers wear dried (NijSO.) and concentraaed to 


dryness by rotary evaporation. The residue (Fig. 2. Fraction 1) was dissolved 
in two 0.5-ad aliquots of H 3 O- which were combined and set aside for sub¬ 
sequent HPLC purification and analysis for NNAL. Twenty pi of 'antsfoam B 
emulsion" (Sigma) were added to the aqwous portion. A-1. which was then 


concentrated by rotary evaporation (water hoih temperature. 35*0 10 approx¬ 
imately 70S of its initial volume. The purpose of this step was removal of mot! 


of the Ctltyf acetate, tracesof which inhibited ..^s gr. j 1 //- j,'-* * '■ •• 
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